In this study we estimate the role of fish oil in preserving the hair shaft against dramatic changes of diabetes and or hypercholesterolemia in male Wistar albino rats. Forty male Wistar albino rats weighing approximately 100 g body weight were used in the present study. They were arranged into 8 groups; control, fish oil-supplementation (100 mg/ kg every other day), diabetes (streptozotocin 40 mg/kg single dose in citrate buffer pH 4.6), hypercholesterolemia (3% cholesterol), diabetes & hypercholesterolemia, diabetes and or hypercholesterolemia & fish oil. After 12 weeks of treatment, the animals were sacrificed by lightly anesthetize with ether and decapitated. Their hair shafts were shed from their dorsal abdomen. They were subjected for scanning electron microscopy and assessments of amino acids, minerals, and keratin and protein carbonylation and glycation end product. The finding revealed apparent reduction of hair shaft thickness, alterations of some essential and non-essential amino acids and increase of protein carbonylation and glycation end product as well as keratin formation. Fish oil-treatment ameliorates the morphological structure and amino acids contents as well as reduces the formation of glycation end products and restores the loss of keratin. The authors finally concluded that fish oil contain n-3 fatty acid which have antioxidant property as well as required for regeneration of epidermal layers facilitate formation of hair shaft.
Introduction
The hair shaft is a highly keratinized tissue outgrowth from the hair follicle. It is formed of cortex and medulla. The periphery of cortex outlined by a cuticular layer of flattened cells. The hair shaft is composed mainly of hair keratins [1] . Little of studies are concerned with the effects of diabetes and or hypercholesterolemia in skin and hair follicle growth. Researchers are still figuring the close association between diabetes and changes in cellular cholesterol levels as well as the causes of obesity and dyslipidemia [2] . Diabetes mellitus is a heterogeneous group of disorders characterized by chronic hyperglycemia and deficiency in the production and secretion or action of insulin, which leads to severe complications. Obesity and diabetes are considered chronic inflammatory diseases, largely due to the inflammatory cells in white adipose tissue including macrophages [3] , B cells [4] and eosinophils [5] . These cells may interact directly through cell-cell contact, directly by releasing cell mediators within adipose tissue. Skin of diabetic rats was found to show apparent thinning of epidermis [6] and dermis followed by a significant numerical reduction of skin mast cells [7] , and a decrease in the expression of extracellular matrix components laminin, fibronectin and collagen [8] . Diabetes exhibited decreases in basal cell proliferation, epidermal DNA and stratum corneum turnover [9] . Alopecia areata is one of the hair disease affected by the depletion of insulin secretion and vitamin D synthesis [10] . Hypercholesterolemia was found to be associated with an elevated risk of psoriasis [11] . Also, increased glycated nail proteins was recorded in diabetic patients [12] , Cholesterol accumulation in the skin of atherosclerotic patients was found to derive from the plasma lipoprotein B [13] .
Supplementation of diets rich in omega 3 fatty acids, specifically eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) were found to decrease body fat accumulation in patients [14] and experimental animals [15, 16] as well as exerted local cutaneous antiinflammatory and antiproliferative metabolites with apparent therapeutic potential in inflammatory skin disorders [17] . Different diseases such as rheumatoid arthritis, psoriasis, lupus erythematosus and multiple sclerosis [18] are improved by fish oil-eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) -supplementation [19] . There is no available work concerning fish oil and hair structure and function of diabetic and or hypercholesterolemic.
Reviewing of literature, there is no available work touched this subject of study. The present work aims to illustrate the comparative effects of diabetic and or hypercholesterolemia on hair structure and function and the capacity of amelioration caused by fish oilsupplementation.
Materials and Methods
Uses of experimental animals were controlled by the quality control and bioethical committee of Mansoura University
Induction of diabetes
Experimental diabetes mellitus was induced by a single intraperitoneal injection of streptozotocin (40 mg/kg) in citrate buffer (0.05 M) (pH 4.5) [20] . Rats were fed on standard diet for 12 weeks. Control animals were treated with physiological saline as vehicle. Hyperglycemia was verified by measuring the blood glucose more than 200-240 mg/dL.
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Induction of hypercholesterolemia
The experimental group was fed a hypercholesterolemic diet composed of 3% cholesterol and 15% cocoa butter and 0.2% cholic acid and 0.2% thiouracil [21] . Feeding on hypercholesterolemic diet was carried out for 12 weeks. The control group was supplied a standard diet free from atherogenic components.
Fish oil-supplementation
Fish oil (Menhaden, highest purity) was used in the experimental work. Each rats received oral doses of 100 mg/kg body weight every other day during the period of treatment.
Experimental work
Forty fertile male albino rats with body weight of 100-110 g. They were obtained from Breading Farm, Ministry of Health, and Giza, Egypt. Rats were fed on standard diet and water was allowed ad libitum throughout the experimental period. They were housed in good ventilation with 12 h light and dark cycle. Male rats were fed on hypercholesterolemic diet for 12 weeks. Diabetes was carried out and animals allowed standard diet for the similar period of cholesterol fed rats. Rats were arranged into eight groups (n=5) such as Control (C), fish oil-supplementation (F), hypercholesterolemicgroup (H), hypercholesterolemic and fish oil-treatment (HF), diabetic-group (D), diabetes and fish oil-treatment (DF), combined hypercholesterolemic and diabetic group (HD) and combined diabetes and hypercholesterolemic and fish oil-treatment (HDF). At the end of treatment, male rats of both control and experimental groups were subjected to light anesthesia by chloroform, sterile their dorsal abdominal skin and shaving their hair by sharp sterile razors. The rats were refreshed for extra observations. The dorsal abdominal hairs were collected and subjected for the following investigations:
Scanning electron microscopy
Basal hair shafts were incised from dorsal abdominal surface of both control and experimental groups and dehydrated in ascending grades of ethyl alcohol. The specimens were allowed to dry in a carbon dioxide critical point apparatus, mounted in stubs and coated with gold by low voltage DC sputtering and investigated under scanning electron microscope JOEL5300 JSM (musashino 3-chome akishima Tokyo 196-8558, Japan).
Determination of hair amino acid contents
Hair amino acids contents of both control and experimental groups were hydrolysed by 6 M hydrochloric acid. The samples were washed in hot dilute detergent solution at neutral pH and rinsed in warm tap water and then distilled water. Any pulpy protein in the column was squeezed out and extracted several times with petroleum ether, followed by 95% ethyl alcohol and allowed to dry in a watch glass. The samples were dried under vacuum, redissolved in 10 to 100 μl 0.2 M sodium citrate buffer, pH 2.0 and loaded on the amino acid analyzer equipped with a cation exchange column (Amersham Pharmacia Biotech), which was equilibrated in 0.2 M sodium citrate buffer, pH 2.0. Detection of the modified amino acids was achieved calorimetrically at 440 nm for proline and hydroxyproline and at 570 nm for all other amino acids [22] .
Determination of iron, zinc and calcium contents
Hair shaft samples were collected from the dorsal abdomen of both control and experimental groups, washed thoroughly with distilled water and weighed. They were dried and mixed well by using chloroform methyl mixture 2:1 for lipid extraction. A known weighed of sample per each experimental group was digested by 1 mL of nitric acid at highest purity and diluted with 4 mL bi-distilled water. Iron, zinc and calcium were measured by atomic absorption spectrometry [23] .
Keratin 18 contents
Rat hair keratin 18 was determined by Elisa kit (Wuhan USCN Business Co., Ltd., catalogue no. SEB231Ra). Specific antibody to Keratin 18 (KRT18) is used. TMB substrate solution is added and the reaction is terminated by the addition of sulphuric acid solution and the color change is measured spectrophotometrically at a wavelength of 450 nm ± 10 nm. The concentration of Keratin 18 (KRT18) is then determined by comparing the O.D. of the samples to the standard curve.
Protein carbonylation and glycation end products
Protein carbonylation was assessed by determination of the reactive carbonyl groups with 2, 4-dinitrophenylhydrazine (DNPH) to form protein-bound 2, 4-dinitrophenylhydrazones by using the Cells Biolabs kit (Catalogue No STA-317). The amount of proteinhydrazone produced is quantified spectrophotometrically at an absorbance between 360-385 nm and the carbonyl content can be the standard protein concentration. AGE products contain CML, pentosidines and other AGE structures. Advanced glycation end product (AGE) is determined using Cell Biolabs, Inc kit (Catalogue No STA-317). The quantity of AGE adduct in protein samples is determined by comparing its absorbance with that of a known advanced glycation end product and bovine serum albumin (AGE-BSA) standard curve.
Results

Morphometry and scanning electron microscopy
Diabetes and or hypercholesterolemia were found to cause apparent reduction of hair shaft and improved after combined treatment with fish oil but still below the control level ( Figure 1 and Figure 2 ). The outer cornified leaflet sheets were comparatively less organized in diabetic and or hypercholesterolemia. Increased deformity of hair shaft was detected in combined diabetes and hypercholesterolemia where thinning appeared and ruptured. Fish oil-treatment restored its ordinary structures but was still lacked normal leaflet sheet arrangement ( Figure 1C-1HDF ).
Hair amino acid contents
From Table 1 , the essential amino acids Histidine, Isoleucine, Leucine and Methionine were decreased in diabetes and or hypercholesterolemia and improved after fish oil-treatment. However, Phenylalanine, Threonine and Valine were less affected. Non-essential amino acids Aspartic acid, Cysteine, Glutamic, Glycine and Tyrosine were decreased. Cysteine showed apparent reduction in diabetes and or hypercholesterolemia more than the other amino acids. Fish oil treatment of the diseased experimental groups restored almost their contents of their losing amino acids. 
Iron, zinc and calcium contents
The assayed iron and zinc were decreased in experimental diabetes and or hypercholesterolemic groups. However, calcium ions was highly susceptible and in the diseased groups. Fish oil-treatment improves hairs mineral contents but was still below the normal value (Table 1) .
Keratin, carbonylation and glycation end product
Diabetes and or hypercholesterolemia were found to decrease the hair shaft content of keratin 18 and increase protein carbonylation and glycation end product. Fish oil-treatment improved the keratin content and decreased the protein carbonylation and glycation end product ( Table 2 ).
Discussion
Diabetes and or hypercholesterolemia interfered with hair shaft growth causing apparent reduction and deformation especially in diabetic and hypercholesterolemic group. Similar finding of reducing hair follicle diameter was reported in diabetic patients [24] .
Similar findings of hair deformation were reported by Klam et al. who mentioned apparent reduction of both hair pulp and hair shaft in diabetic patients [24] . Alopecia is concerned with metabolic disorder such as diabetes [25] and dyslipidemia [26] . Also, diabetic mice possessed a reduction in both the epidermal proliferation and stratum corneum water content with apparent loss of the stratum corneum barrier function [9] . Also, hypercholesterolemia was found to increase of fatty tissue in the subcutaneous layer which led to alopecia [27] . Studying hair growth in deficient transgenic knockout (Epi-Insig-DKO) mice revealed normal pattern of hair growth at 7 day-old followed by deformation of hair associated with increase of cholesterol the promoter of increase in 3-hydroxy-3-methylglutaryl coenzyme A reductase protein [28] .
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Each result represents the mean ± SE (n=5)*, Non-significant at P < 0.05**, Significant at P < 0. Concerning minerals, the hair zinc content showed apparent decrease in experimental diabetes and or hypercholesterolemic groups. Similar findings of altered zinc and iron level in hair follicles were reported by Afridi et al. in diabetic patients [29] . Similar findings of decreased hair Zn content was reported by Kazi et al. in blood and scalp-hair samples of diabetic patients as compared to control subjects [30] . Iron represent of the main element of hair growth. The present work revealed a decrease in iron content of diabetes and or hypercholesterolemia. Similar findings were mentioned by Moeinvaziri et al. in women with diffuse telogen hair loss [31] . The author exhibited apparent depletion of ferritin level and trasferrin saturation comparing with that of normal hair growth. Serum ferreting levels was found to be closely related to vitamin D2 were markedly decreased in females with either chronic telogen effluvium or hair loss [32] . Feeding Wistar rats on a high-fat/high-energy (HF/HE) diet led to 3.5-fold depletion of hepcidin mRNA than in control which attributed to apparent reduction of iron accumulation and transferrin saturation [33] . Also, diabetes and or hypercholesterolemia showed markedly increase of calcium ions in diabetic and or hypercholesterolemia in comparison with the control.
Hair calcium level was found to be increased in patient with arterial stiffness (vascular calcification) and was influenced by increase of low density lipoprotein and cholesterol level [34] .
Park et al. attributed the increase of hair calcium content to the intercellular calcium content associated with systemic diseases such as coronary artery diseases which may be correlated with low calcium intake and low bone mineral density [35] .
From the present findings diabetes and or hypercholesterolemia exhibited apparent depletion of the essential amino acids -histidine, isoleucine, leucine and methionine-and non-essential amino acids -aspartic acid, cysteine, glutamic, glycine and tyrosine. These amino acids play great roles in differentiation of epidermis and hair pulp. Depletion of it seemed too interfered with epidermal cell turn over and hair growth.
Rashaid et al. reported that the nonessential amino acids Gly and Glu, and the essential amino acid Ile were markedly increased in the ISSN: 2469-4185 scalp hair of diabetic patients comparing to the control subjects [36] . The index of glycated protein and cysteine in scalp hair was markedly increased in hypercholesterolemic mice, diabetic rat and diabetic patients [37] .
Also, increased carbonylation and glycation of proteins in hair shaft appeared to be resulted from the dramatic changes associated with diabetes and or hypercholesterolemia.
In diabetic patients, there was a detected increased incidence of conjugated fructose and lysine forming glycated furosine [38] . There is a hypothesis that glycation of hair protein might provide insight into blood glucose levels over a period of several months to one year [39] .
In vitro glycation of hair was found to possess a reduction of hair protein content and breaking strength and increased advanced glycation end product [40] .
From the present findings, fish oil-treatment seemed to be improved the morphological structures and thickness of the hair shaft as well as restored their zinc, iron and calcium content, almost normal amino acid content and inhibit the formation of protein carbonylation and glycation end product. The keratin content retained almost to its normal level.
Taking in consideration, the hair follicle cells showed a higher capacity of regeneration. Their active metabolism requires continuous energy and nutrient supply. In clinical trials eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) in the form of fish oils are not interconvertible in the human body and are essential components of all cell membranes [41] . The amelioration of fish oil resulted from its contents of n-3 fatty acids such as docosahexaenoic acid and eicosapentaenoic acid which have direct effects on reducing the inflammatory state by reducing IL-6, TNF-α, CRP and many other factors [42] . Also, fish oil was found to prevent lipid peroxidation products and possess potent immune modulation effects and therapeutic benefits in animal disease models or human diseases [43] . There was apparent balance between the n-3 and n-6 series of essential fatty acids (EFAs) which is important for homeostasis and normal growth in humans. Alopecia and depigmentation of hair were reported in an essential fatty acid (EFA) deficient 19-year-old man [44] .
The oxidative formation of N (epsilon)-(Carboxymethyl) lysine (CML) from glycated proteins was reduced by different antioxidants such as lipoic acid, aminoguanidine, superoxide dismutase, catalase, and particularly vitamin E and desferrioxamine in diabetic patients [36] . Fish oil (omega 3&6) supplementation for 6 months-treatment was found to improve hair density and reducing the telogen percentage against hair loss [45] .
Finally the author concluded that fish oil supplementation improve the histopathological picture and brain function of rats subjected to diabetes and or hyper cholesterolemia.
